Objective: Recent research has linked depression to cardiac mortality, and shown a high burden of persistent depressive symptomatology among cardiac patients. The objective of this study was to longitudinally examine the prevalence and course of depressive symptomatology among women and men for I year after a cardiac event, and the effect of cardiac rehabilitation (CR) on this trajectory. Methods: Nine hundred thirteen unstable angina (UA) and myocardial infarction patients from 12 coronary care units were recruited, and follow-up data were collected at 6 and 12 months. Measures included CR participation, medication usage, and the Beck Depression Inventory (BDI). The longitudinal analysis was conducted using SAS PROC MIXED. Results: At baseline there were 277 (31.3%) participants with elevated depressive symptomatology (BDI 2:: 10), 131 (25.2%) at 6 months, and 107 (21.7%) at 1 year. Overall, approximately 5% were taking an antidepressant medication, and 20% attended CR over their year of recovery. Participants with greater depressive symptomatology participated in significantly fewer CR exercise sessions (r = -0.19, P = .02), and minimal psychosocial interventions were offered. The longitudinal analysis revealed that all participants experienced reduced depressive symptomatology over their year of recovery (p = .04), and younger, UA participants with lower family income fared worst (ps < 0.001). CR did not have an effect on depressive symptomatology over time, but women who attended CR were significantly more depressed than men (p = .01). Conclusion: Depressed cardiac patients are undertreated and their symptomatology persists for up to 6 months. CR programs require greater resources to ensure that depressed participants adhere to exercise regimens, and are screened and treated for their elevated symptomatology. Key words: cardiac event, depressive symptoms, longitudinal study, gender, cardiac rehabilitation. CR = cardiac rehabilitation; UA = unstable angina; MI = myocardial infarction; ACS = acute coronary syndromes; CCU = coronary care unit; CAD = Canadian dollars; USD = U.S. dollars; BDI = Beck Depression Inventory.
INTRODUCTION
A lthough depression has been implicated in the occurrence of coronary events, there also exists a strong association between depression and cardiac mortality in patients with established heart disease (1,2). Depressive symptoms and major depressive disorders are common in patients with acute coronary syndromes (ACS) (3, 4) . The prevalence of major depression ranges from 15% to 23% (5), which is approximately threefold higher than age-matched community-based prevalence studies (5, 6) . Recovery from major depression associated with ACS is extremely poor (1), with many patients remaining depressed 6 months later (7) . Moreover, it is generally shown that women experience greater depressive symptomatology after a myocardial infarction (MI) than men (8) , and that this symptomatology may more detrimentally affect women's prognosis (9) .
Several mechanisms elucidating the association between depression and ACS have been proposed, although the specific link remains unknown. One prominent mechanism links comorbid depression with reduced likelihood of adhering to recommended behavior changes such as increased exercise, medication adherence, and nutrition self-management (10) (11) (12) . Until we resolve the question of whether treating depression improves cardiac prognosis (13, 14) , efforts should focus on enhancing adherence to these evidence-based cardiac therapies. Cardiac rehabilitation (CR) is an effective multifactorial program of structured exercise and evidence-based interventions to reduce risk, improve psychosocial well-being, and increase adherence to these behavior changes (15) . Although exercise itself has lasting beneficial effects on depressive symptomatology and clinical depression (16) , guidelines for comprehensive CR programs also promote screening and treating depression (or referring patients for treatment) (17) . Unfortunately, CR is widely underutilized, particular among women (18) , and even among those experiencing greater depressive symptomatology (19) .
CR programs have been shown to be effective in reducing depression after a coronary event (20) among women (5, 21) . In one study, the prevalence of depression in women dropped from 23% to 12% after a comprehensive CR program (5). CR does not relate to decreased symptomatology for all participants, however, because one study reported that although just less than one half of participants experienced reduced depression, approximately one quarter became more depressed, and one third remained unchanged (22) . Another study found that depression was improved only in the short-term after CR (23) .
The relationship among gender, CR, and depression is clearly a complex one, and further prospective studies are needed. The objective of this study was to longitudinally examine the prevalence and course of depressive symptomatology among women and men for 1 year after ACS, and the effect of CR on this trajectory.
METHODS

Design and Procedure
This was a longitudinal observational study, following participants from admission for ACS, and assessing them at 6 months and I year later. Participants were recruited in the coronary care unit (CCU) by a research nurse on the second to fifth day of hospitalization. Inclusion criteria consisted of diagnosis with confinned MI or unstable angina (UA), and being 18 years of age or older. Exclusion criteria were being medically unstable, and unable to read or speak English. Those who met study criteria and agreed to participate signed a consent fonn and were provided with a self-report questionnaire. Consent was also obtained to link participant's self-report questionnaire data with their clinical data. Participants were followed up by mail at home 6 months and I year later and were asked to complete a self-report questionnaire with respect to depressive symptomatology and CR participation in the intervening 6 months.
Participants
Consecutive patients who were diagnosed with a MI or UA in 12 coronary care units (CCUs) across south central Ontario, Canada were approached for the study. Some participating hospitals were urban teaching hospitals (n = 206 participants; 22.6%), whereas others were community hospitals located in medium-and small-sized cities (n = 707 participants; 77.4%). Characteristics of participants (n = 913) and nonparticipants (n = 882) are shown in Table   I . Of the almost 1,800 patients approached, participants were significantly younger than those who refused or were ineligible to participate (t = -13.08, P < .001). Significantly more males agreed to participate than females (¥ (I) = 14.00, P < .001), and more married and fewer widowed individuals agreed to participate c¥ (I) = 21.46, P < .001).
Nine hundred thirteen patients (590 males, 323 females; 69% response rate) consented to participate in the study. Their ages ranged from 3 I to 93 years with a mean age of 61.9 :±: 12.00 years. Seventy-four percent of the participants (n = 664) were married, and 45% (n = 340) had a family income more than $50,000 CAD (ie, approximately $32,000 USD) annually. Fiftythree percent (n = 482) had a confinned MI, and 47% (n = 424) were diagnosed as UA after appropriate diagnostic tests.
Five hundred forty-one patients participated in the study at 6 months, and 522 participated I year later; 55 had died, and 320 refused, could not be located, or were ineligible because of medical conditions (60% retention rate). Compared with nonparticipants at I year postischemic event, participants were more educated (¥ = 4.04,p < .05), and older (t = 3.34,p = .001; Table   2 ). These differences were thus controlled for in our longitudinal analysis.
Measures
The self-report surveys consisted of questions regarding sociodemographic characteristics, medical history, CR participation, medication usage, in addition to depression measures. The sociodemographic data included age, sex, marital status, education, and family income. CR participation was assessed at 6 months, by asking participants whether they had been referred and participated in a CR program (yes/no), and what types of psychosocial services were offered and utilized. At 12 months, participants were asked whether any healthcare provider had asked if they suffer from depression, and to check from a list the reasons they attribute for their depressive symptomatology (they were instructed to check all that apply). At 6 and 12 months, participants were asked to list all their current medications. These were scanned and antidepressant medications were coded. Survey data were linked with prospectively and contemporaneously collected clinical data compiled by CCU nurses. This included diagnosis, presentation profile (incorporating relevant medical history, and presenting problem), and Killip class (24) .
Depressive symptoms were assessed longitudinally by the Beck Depression Inventory (BD! (25», a reliable and well-validated 2 I-item scale using a forced-choice four-alternative response fonnat that has been widely used in the general population, and in chronic illness populations including cardiac patients (26) (27) (28) (29) (30) . Higher scores reflect greater depressive symptomatology. The internal consistency of the BD! was a = 0.87 at baseline, 0.88 at 6 months, and 0.87 at I year in the current sample.
Statistical Analyses
Data were cleaned and screened to evaluate statistical assumptions. Most statistical analyses were perfonned with SPSS 11.0, and the longitudinal analysis was perfonned with SAS v. 8.2. A descriptive examination of the variables was perfonned, and differences in CR utilization and treatments by depressive symptomatology were analyzed with ¥, t tests, and Pearson correlations as appropriate. Because of the right-skewness of the BDI scores, the longitudinal data analysis was perfonned on the logarithm of the scores. We choose the appropriate covariance structure using Akaike Infonnation Criterion (AIC) for our longitudinal model. The residual assumptions (normality and equal variances) were checked after the model was fit to the data.
RESULTS
Differences in Participant Characteristics Based on
Self-reported Depressive Symptomatology Table 3 describes the participant characteristics based on depression scores at baseline, 6 months, and 1 year. As shown, there were significant differences for all variables in at least one time point.
Prevalence, Incidence, Attribution, and Treatment of Depressive Symptomatology Over 1 Year Post-MI orUA The mean (SD) BDI scores at baseline, 6 months, and 1 year were 8.68 (7.49), 7.43 (7.38), and 6.62 (6.70), respectively. Figure 1 displays the mean BDI scores over time based on sex and eR participation. We also computed a cut-off score for elevated depressive symptomatology (BD! 2:: 10), and at baseline there were 277 (31.3%) participants with elevated scores, 131 (25.2%) with elevated depression at 6 months, and 107 (21.7%) at 1 year. The mean baseline BD! score of participants with an elevated score at this time was 17.57 (6.76), the mean 6-month score in the elevated group was 17.49 (7.47), and at 1 year was 16.75 (6.71). Using the BD! severity categories, mean scores are presented in Figure 2 .
Of the 31.3% participants with elevated depression at baseline, 62.2% of them continued to have elevated depression at 6 months, and 79.6% of those respondents continued to be depressed at 12-month follow-up. At 6-month follow-up, 12.3% of participants who did not have elevated depression at baseline had developed elevated symptoms. Of these, 57.1 % persisted at 1 year. At 12-month follow-up there were 3.8% new participants with elevated depression who had not experienced depressive symptomatology earlier.
Participants were also asked what factors caused persistent feelings of depression or discouragement in the year after their ACS. The most frequent reason attributed was uncertainty about the future due to heart condition (n = 137; 27.3%), followed by knowledge of the heart condition (n = 122; 24.3%), reduced activity due to heart condition (n = 96; 19.1%), ongoing symptoms of heart condition (n = 70; 13.9%), comorbid conditions (n = 69; 13.7%), family problems unrelated to heart condition (n = 59; 11.8%), side effects of cardiac medications (n = 56, 11.2%), readmission to hospital for heart condition (n = 52; 10.4%), heart-healthy dietary changes (n = 50, 10.0%), work-related problems (n = 30, 6.0%), quitting smoking (n = 23, 4.6%; or 26.4% of current smokers), other challenging life changes (n = 23; 4.6%), lack of information provision by healthcare providers (n = 18; 3.6%), lack of help from family or friends with lifestyle changes (n = 15; 3.0%), and other factors (n = 11; 2.2%).
One hundred twenty (24.7%) participants reported that they had been asked by a healthcare provider over the past year whether or not they had been depressed. The most frequent healthcare providers to ask about depression were family physicians (n = 109, 79.0%), followed by cardiologists (n = 49, 35.5%), nurses in the CCU (n = 39, 28.3%), other physicians in the CCU (n = 20, 14.5%), or other healthcare providers (n = 19, 13.8%). Almost 70% (69.8%; n = 85) of participants who had an elevated depression score at baseline were not asked about depression by a healthcare provider by 1 year.
When asked at baseline whether a doctor had prescribed an antidepressant before or during their current admission, 4.6% responded affirmatively. At 6 months, participants were asked to list all their current medications. These were scanned and coded. Twenty-five (4.6%) reported taking an antidepressant. This increased to 30 (5.7%) participants listing an antidepressant at 1 year postevent (17 of these participants were taking an antidepressant at both 6 months and 1 year).
At 6 months, 149 (28.1%) participants had been referred to a CR program. There was no significant difference in physi- -------------- 
Longitudinal Analysis of Depressive Symptomatology
The longitudinal model predicting depression from baseline through 6 months and 1 year is presented in Table 4 . The BDI scores were right skewed, and therefore the outcome for the longitudinal model is based on the logarithm of the BD! scores, which was normally distributed. Based on the AIC criterion, we chose the unstructured covariance for our model. There was a significant gender by CR participation interaction, and the resultant estimated marginal means are presented in Figure 3 . Post-hoc Bonferroni tests revealed a significant difference in marginal BDI scores between female CR participants and male participants (p = .01), and between female CR participants and male CR nonparticipants (p = .01). All other interactions with time were assessed, and because they were not significant they were excluded from the model. Depressive symptomatology was significantly greater in those participants with a family income less than CAD$50,000/yr (marginal mean = 7.69) than those with greater income (mar- ginal mean = 5.81), in participants less than 60 years old (estimated marginal mean = 7.81) than in older participants (estimated marginal mean = 5.87), and in participants with a diagnosis of UA (marginal mean = 7.32) vs. MI (marginal mean = 6.05). The effect of time was also significant, with estimated marginal BD! scores of 7.32 at baseline, 6.55 at 6 months, and 6.17 at 1 year. Post-hoc contrasts revealed significant differences from baseline to 6 months (p = .01), and between baseline and 1 year (p<.001), but no significant difference between 6 months and 1 year (p = .18).
DISCUSSION
Depressive symptomatology spontaneously improved over the year of recovery for all participants, and this did not differ based on disease severity or CR participation.
Younger participants and those with lower family income were significantly more likely to be depressed. Adjustment to ACS can be more difficult in younger patients, considering the uncertain future in those suffering prematurely from a chronic disease, and the heightened demands of work and family roles (31) . The greater prevalence of depression among participants with lower family income is particularly worrisome, considering this group also experiences limited access to cardiac treatment (18) and a greater burden of mortality (32) .
The lack of expected interaction between CR and time suggests, first, that CR programs in the region may be failing to screen and treat depression as promoted in clinical practice guidelines (17, 33) . In a recent provincial pilot project (34), it was determined that less than 50% of CR programs had services to treat depression. In this sample, only approximately 20% to 30% of the CR participants reported utilizing psychosocial services while in their program, and CR participants were not more likely to be taking antidepressant medication than CR nonparticipants. Considering that meta-analyses confirm that CR is successful in reducing psychosocial distress when compared with controls (35, 36) , clearly we need to provide these programs with greater resources to treat depressive symptomatology (ie, staffing models incorporating registered psychologists or psychiatrists). Second, the lack of interaction also suggests that exercise itself was not effective 
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Males it is intriguing why more depressed women but fewer depressed men get referred to CR. The process of referral into CR is not systematic, and is based on both physician referral patterns and patient characteristics (40) . Our results revealed no significant differences in physician referral patterns based on severity of depressive symptomatology, suggesting that patient preferences are at play. Perhaps depressed female patients seek the social support that can be found in a CR program (41) , in their efforts to "tend-and-befriend" (42, 43) . This finding should be replicated in future studies utilizing a matched sample of male and female cardiac patients, and assessing social support. Regardless of this effect, depressed participants are less likely to adhere to the CR program, leaving room for intervention to maximize recovery. A few study limitations should be emphasized. First, although the longitudinal multisite nature of this study was an asset, the design was limited by nonrandomization to CR. Because the CR participation of patients at multiple sites may at first glance serve as a confound with regard to program components and length, CR programs across the regions generally followed the same model of care due to a governmentsponsored pilot project (34) . Second, the generalizability of in alleviating depression, as supported in the literature (16) . However, we did find that depressed participants were less likely to adhere to the CR program and participate in the weekly sessions than were nondepressed participants. Future research is needed to design and evaluate interventions to increase CR adherence among depressed participants to ensure that they achieve the mental health gains associated with physical activity.
Our findings counter those of Lavie and Milani (5, 20) , which showed significant reductions in depression after CR. Although it is true that CR participants in this study did improve over time, so did CR nonparticipants. Their study did not incorporate a control group, had a shorter follow-up of 3 months, and assessed participants from a single CR site (which did not include a treatment program for depression). As mentioned above, the fact that we did not find a significant difference in depressive symptomatology over time based on CR participation could be due to the fact that few CR programs in the region screen and treat depression, but it could also be due to the fact that depression remits in both CR participants and controls after 6 to 12 months. Regardless of CR participation, patients had reduced depressive symptomatology between hospitalization and 1 year later (but not between 6 months and 1 year). However, the 6-to 12-month burden of depression represents a lengthy (and avoidable) time period for patients to suffer untreated, considering that the safety and efficacy of antidepressant (14) and psychotherapeutic (13) treatments in alleviating depression in cardiac populations have been established.
Of great interest is the finding that women who attended CR were significantly more depressed than men who attend CR. This contradicts findings by Brezinka et al. (37) in the Netherlands, which reported no significant gender differences in depression at entry into a CR program in a matched sample of 231 male and female ischemic patients. We know that women have a rate of depression 2 times that of men in the general population (38) and in the cardiac population (39) , but the study is limited by the differences between participants and refusers. In particular, dropouts were more likely to be less educated, younger, and more depressed than were participants who remained in the study for the full year. However, we controlled for these differences in our longitudinal model. Moreover, this loss of participants over time (due also to mortality) generates caution in our finding that depression wanes naturally over the course of recovery, and invites further research. Third, our measure of depressive symptomatology assessed severity only, and does not provide diagnostic information. This leads to our fourth limitation concerning the self-report nature of the assessments for depressive symptomatology, in addition to CR participation, antidepressant usage, and discussions with healthcare providers regarding such symptomatology. It is possible that the cognitive symptoms of depression may have affected their report of symptomatology and behavior (eg, medication adherence). The inclusion of clinical interviews and independent CR participation verification is warranted in future work. Finally, this study failed to report or control for other psychiatric or medical comorbidities.
In conclusion, approximately one third of these ACS participants experienced elevated depressive symptomatology. This depression persisted up to six months, and was not significantly alleviated in approximately two thirds of those affected. These depressed patients were grossly undertreated, with 5% using antidepressant medication, and 20% attending CR. It was unfortunate that although most CR programs provide exercise interventions, which have beneficial effects on depressive symptomatology, the majority of CR programs did not provide psychotherapeutic treatments. It remains to be seen whether treating depression improves cardiac prognosis, but it is incumbent on us to address the burden of depression experienced by many cardiac patients, to improve their quality of life and well-being.
